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Introduction

Trichloroethylene (TCE) is a solvent used indudifriand commercially. Due to its extensive
use, TCE has polluted the atmosphere, ground affceuwwaters and soil. People may be
exposed via the oral, dermal, and inhalation rqwtett evidence for distribution to various
tissues from each. TCE can also be transferredighrthe placenta, leading to fetal exposures.

Both human and animal studies have associated k@&sare with effects on the liver, kidney,
and heart, nervous, hematopoietic, inmunologiegraductive, developmental, and respiratory
systems. TCE is characterized by the US Environatérotection Agency (US EPA) (2011) as
“carcinogenic to humans” and US EPA has publistaatter risk toxicity values for oral and
inhalation exposures. Due to various non-carcin@ageealth concerns, the US EPA (2011) has
also published a non-cancer toxicity value for latian (the reference concentration, RfC) of 2
Hg/m? (0.4 ppb) for TCE. US EPA defines the RfC as an estimated continimsation
exposure level, with uncertainty spanning perhapsrder of magnitude, likely to be without an
appreciable risk of deleterious effects to the hupapulation (including sensitive subgroups)
during a lifetime. The non-cancer inhalation taicialue is based on multiple endpoints,
including effects on heart development, raisingoasns about shorter-term exposure risks
during pregnancy. Based on the overall weight efdtientific evidence US EPA concluded that
“ Taken together, the epidemiological and animal study evidence raise sufficient concern

regar ding the potential for devel opmental toxicity (increased incidence of cardiac defects) with

in utero TCE exposure”.? MassDEP’s Office of Research and Standards (OR8),input from

the MassDEP Health Effects Advisory Committee, cored with US EPA’s determination and
concluded that is appropriate that TCE be consitlargevelopmental toxin under the
Massachusetts hazard waste site cleanup program.

The IRIS TCE toxicity values are supported by a pamhensive toxicological review document
compiled by US EPA (2011). The overall databaselfoE is extensive and US EPA evaluated a

! Integrated Risk Information System (IRIS), triafdretheylene files.
2US EPA Toxicological Review of Trichloroethyler@hapter 4: 4.8.3.3.2.3. Summary of the weight idence
on cardiac malformations: Page 4-565

This information is available in alternate format. Call Michelle Waters-Ekanem, Diversity Director, at 617-292-5751. TDD# 1-866-539-7622 or 1-617-574-6868
MassDEP WebSite: www. mass.gov/dep

Printed on Recycled Paper



large number of studies and endpoints to deriv@uarcandidate non-cancer toxicity values.
This approach leads to more robust toxicity valiies are less sensitive to limitations of
individual studies. This methodology was suppotigdJS EPA’s Science Advisory Board
(SAB). Among the candidate RfC values derived, BPR\Eelected two as the primary basis of
the final RfC. These are based on controlled lalooyaanimal studies, discussed further below,
where cardiac developmental effects and effectherthymus gland (part of the immune
system) were observed in animals exposed to TCE s&lection of these studies for use in
deriving TCE toxicity values was also recommendgdhie SAB. The final RfC of 2 pgfn
reflects candidate RfC estimates for both effeti87 pg/m based on cardiac developmental
effects in rats; and, 1.75 ugfimased on decreased thymus weight in mice, an iratogical
effect (US EPA 2011).

MassDEP ORS was asked by the MassDEP Bureau oEVBastCleanup to assess the potential
developmental risks posed by short-term exposufie€Cte attributable to vapor intrusion at
hazardous waste sites. This request was made lgedgudS EPA based the RfC, in part, on
developmental cardiac effects; 2) these effectsameus, impact children and could result from
short-term exposures during pregnancy; 3) no US B&tknal guidance on how to address
these short-term exposure risks is available; &nohconsistent approaches have been used by
US EPA Regional Offices, the Centers for Diseaset@band other states to evaluate and
respond to TCE short-term development risks. Ipaase to this request, ORS completed a
summary of TCE toxicity information and US EPA’sassment, with a focus on its
developmental effects (MassDEP ORS 2013 a and Iith. idput from the MassDEP Health
Effects Advisory Committee, ORS also developed meoended guidance for indoor air TCE
concentration targets and response timeframestegirpublic health, in particular the
developing fetus.

Summary of Key TCE Toxicities
Basis of US EPA’s RfC of 2 pg/fh

The cardiac developmental effects reported by Jmhesal., 2003 and decreased thymus weight
reported by Keil et al., 2009 were relied upon iy EPA to derive an RfC for TCE. Key
elements of US EPA’s assessment are summarizedbelo

Cardiac Developmental Effects

US EPA derived a candidate RfC of 1.97ut(th37 ppb) based on cardiac developmental
effects observed in offspring of pregnant rats egpao TCE (USEPA, 2011). US EPA states
that there is high confidence in the TCE RfC areldierall database, medium confidence in the
key cardiac developmental toxicity study and motketa-high confidence both in the hazard
and the candidate reference values for TCE devedapmheffects.

With respect to developmental toxicity, US EPA itieed and reviewed several epidemiology
and animal studies that reported cardiac develohdafects, cleft palate defects, eye/ear

3 USs EPAToxicological Review of Trichloroethylene, Chap€eR.1.2.7. Developmental Effects, page 6-
26



defects, kidney/urinary tract disorders, muscultetké birth anomalies, lung/respiratory tract
disorders, and skeletal defects associated witbsexp to TCE. The US EPA selected the
cardiac developmental effects observed in laboyattis exposed to TCE in controlled
experiments as an endpoint to derive a candidateityovalue because:

» Cardiac developmental effects occurred at lower €€gosure levels than other
developmental effects observed in animal stddies

» Cardiac developmental effects have been reportedviaral epidemiological studies that
showed statistically significant increases in th@dence of cardiac defects in TCE-
exposed populations compared to reference groups.

« Administration of TCE metabolites trichloroacetiich(TCA) and dichloroacetic acid
(DCA) in maternal drinking water during gestaticastbeen reported to induce
developmental effects in rat fetuses in other studi

* Invitro andinvivo mechanistic studies support the plausibility oEET€ardiac
developmental effects.

US EPA, on the recommendation of its SAB, usedltieson et al. (2003) study on
developmental effects in rats from fetal exposor&€E to derive a candidate toxicity value.
Although aspects of this and related studies haes lguestioned, US EPA concluded that “
sum, while the sudies by Dawson et al. (1993, 1990) and Johnson et al. (2005, 2003), have

significant limitations, there is insufficient reason to dismiss their findings.”> ORS contacted the

lead author, Dr. Paula Johnson, to further addsssss relating to the experimental protocols
and the data assessment methods used in the Jatreo(R003) publication relied upon by US
EPA in its assessment of cardiac developmentattstfeDr. Johnson indicated that the:
historical control data used in their assessmestogasistent across experimental groups
confirming that it was appropriate to combine tlagado maximize the statistical strength of the
study while minimizing the number of experimentairaals used; experiments were conducted
“blind” so the scientists determining the cardi@velopment effects did not know whether the
tissues were from treated or untreated groupsanireal handling, dosing and other
experimental procedures were consistent acrossxiperiments; all pathology work was
completed by the same experienced study pathadogis lead authors on the paper); and,
cardiac developmental effects detected were reveamel confirmed by multiple study
pathologists.

Based on the Johnson et al. (2003) publicationEBA&’s assessment, and this additional
clarifying information, ORS and the MassDEP Hed&ffects Advisory Committee concurred
with US EPA’s determination that the criticismstioé study raised by some groups were an
insufficient basis to reject its use.

In the Johnson et al. study, the animals were egts TCE throughout gestation. Another
study, by Epstein et al. (1992), provides additiamsight regarding potentially critical periods
of exposure during fetal development. In this stratg were treated with DCA, a metabolite of

* However, in several inhalation studies, no cardieeelopmental effects have been reported in rodieassays.
This is unexplained but may be due to differencestudy design and execution and/or route of exgosu
differences in TCE metabolism and pharmacokinetics.

° US EPA Toxicological Review of Trichloroethylene84.3.2. Cardiac malformations, page 4-561; 4.71.1
Developmental Toxicity, page 4-631



TCE, on discrete days of gestation and effectstal fievelopment were then assessed. The
study identified gestational days (GD) 9 througha$2a period of particular sensitivity to DCA.
Exposure to fairly high levels of DCA for as shastone day during this timeframe were
associated with interventricular septal defecth@heart, which have also be observed with
TCE? Data from similar short-term exposure experimeising TCE were not identified.

In humans, the key steps in cardiac organogenesig aluring the first 8 weeks of gestation
(Kirby, 1997). Although the human epidemiologicata is insufficient to assess TCE cardiac
developmental risk associated with very short-terposures, the animal bioassay data noted
above, as well as the complex and sequence depgemdehanisms involved in cardiac
organogenesis in animals, support concern oversexpe to cardiac developmental toxins of a
few days to weeks, depending on the levels andiéecy of exposure.

Immunological Effects

The second candidate RfC used by US EPA, 1.753(6/88 ppb), was based on a chronic
exposure study of effects on the immune systemiae .nUS EPA states that there is high
confidence that TCE causes immunotoxicity and madionfidence in the candidate toxicity
values that can be derived from the available stidn this study, decreased thymus weight was
reported at relatively low exposures in non-autoumetprone mice. This is a clear indicator of
immunotoxicity and was therefore considered a aatdicritical effect. A number of animal
studies have also reported changes in other maok@rsnunotoxicity. Effects related to the
immune system have also been associated with T@&sexe in human studies. A relationship
between systemic autoimmune diseases, such asdsierd, and occupational exposure to

TCE has been reported in several studies. A medésis of scleroderma studies resulted in a
statistically significant combined effect for TCEp®sure in men. Additional human evidence

for the immunological effects of TCE include stuglieporting TCE-associated changes in levels
of inflammatory cytokines in occupationally-exposeorkers and infants exposed via indoor air
at concentrations typical of such exposure scesiaaitarge number of case reports of a severe
hypersensitivity skin disorder, distinct from cocitdermatitis and often accompanied by
hepatitis; and a reported association betweenasekhistory of infections and exposure to TCE
contaminated drinking water.

ORS Recommendations for TCE Indoor Air RemediationTargets and Response
Timeframes to Protect the Developing Fetus

Based on the weight of the scientific evidenceioedl in the preceding sections, MassDEP has
concluded the following.
» Itis appropriate to consider TCE a developmemtahtwith the potential to cause
cardiac developmental effects.
» Because cardiac development begins early durirad detvelopment, before a woman
may realize she is pregnant, TCE exposures to wavhemare in the early stages of a

® Gestation in humans is longer than in rodents, sne day exposure in rats does not equate to daynexposure
in people.
" A disorder in which the immune system mistaketgcks and destroys healthy body tissue.



pregnancy (the first 8 weeks) or to women who magome pregnant are of particular
concern.

» Because cardiac development is completed withititse8 weeks of pregnancy
exposures after that period do not present aoisiatdiac development.

» The risk of adverse cardiac developmental effedtsikely be a function of indoor air
concentration and exposure duration, with greas&s iat higher levels and with longer
exposures.

* Depending on the concentration, exposures of alfeys to weeks during critical periods
of fetal cardiac development in early pregnancyadneotential concern.

The Health Effects Advisory Committee concurredwitiese determinations.

Because the Massachusetts Contingency Plan (MQfRinkent Hazard (IH) provisions do not
require exposures to be reduced below the IH Mthin the very short timeframe of concern
related to TCE’s potential effects on cardiac depelent, ORS developed recommendations
regarding response timeframes and concentratigettato limit potential developmental risks
for residential and typical workplace situationkisTeffort proceeded with input from the Health
Effects Advisory Committee.

The recommendations that follow are based on timeipte that the risk of adverse effects
typically increases with higher concentration amger exposure duration. These apply to the
sensitive subgroups, including pregnant women tjindte first 8 weeks of pregnancy and
women who may become pregnant. The recommendatienatended to provide guidance to
MassDEP staff, LSPs, public health officials angess responding, under the MCP, to
hazardous waste sites that have associated TCEnoiiaition of indoor air. The
recommendations regarding short-term remediatiayetdevels and response timeframes to
limit TCE developmental risks are summarized below.

Guidance for Residential Exposure Situations

+ Residential RfC = 2 pg/ni

MassDEP considers the US EPA TCE RfC published?b8 bs an appropriate chronic,
long-term exposure limit for TCE that is protectie@mmunological, cardiac
development and other potential effects. Basedsoreview of US EPA’'s TCE
assessment, ORS considers the RfC of 2 fig/tme very health protective with respect
to cardiac developmental effects. The Health Efféatvisory Committee concurred with
this determination.

The RfC of 2 pg/rhis the long-term remediation target for residergigdosure
situations. Under the MCP, residential exposungasibns constitute a Critical Exposure
Pathway, which triggers immediate response actomahieve the RfC and/or
background levels more quickly.



+ Residential Imminent Hazard Level = 6 ug/n?

For chemicals exhibiting developmental toxicitye tMCP requires that an Imminent
Hazard (IH) level, with its associated regulataguirements, be established using a
Hazard Quotient (HQ) of 1 to characterize risk.&hen the US EPA RfC, this would
result in an IH level of 2 pg/ffor residential situations. However, for TCE, ORS
considers risks due to short-term exposures bet&eem 6 pg/fto be very low.
Therefore, MassDEP established the TCE IH levéljag/nf. This value was derived by
reducing the uncertainty factor (UF) for pharmaauatyic$ used by US EPA in the RfC
derivation by a factor of three. This was deemgur@griate because the RfC is based on
animal data from the most sensitive life-stage @ardiiac development is well conserved
across species.

Indoor air levels in excess of the IH concentratiigger immediate response actions that
are required under the MCP, including 2 hour nedifion to MassDEP; immediate
notification to sensitive subgroups of the potdnisk; and the initiation of response
actions to eliminate the IH condition. At levelsab 6 pg/m efforts to reduce exposures
to the sensitive subgroups should proceed as guaskpossible. Women who are
concerned about potential risks while remediatidores are underway may want to
consult with their physician. Depending on the desituation there may be ways to
lower exposures, for example by minimizing timergpe areas with higher TCE levels

or using an appropriate air filter.

Residential More Urgent Concern Level = 20 pg/nt

Although well below the exposure level where efegere observed in the animal
cardiac developmental studies, 20 pbisrclose to the air concentration that would resul
in a dose of metabolized TEHN about 1% of people equivalent to that assodiatieh a
modeled 1% risk in the laboratory animal stddy.

8 US EPA accounted for differences in pharmacokisehow animals absorb, metabolize and excrete TSIBY
physiologically based pharmacokinetic (PBPK) maaglipharmacodynamic (differences in animal respotse
TCE) uncertainties were addressed using an unogyrtaictor of 10 to account for potential interdantra-species
differences in sensitivity.

° The More Urgent Concern Levels do not trigger addgitional regulatory requirements. They are inésht
provide guidance to MassDEP staff, Licensed Sitde3sionals and others responding to situationseVh€E
concentrations well exceed the IH.

9ys EPA concluded that metabolites are likely resjige for the developmental effects of TCE.

" The 99" percentile human equivalent concentration (§EQ® the air is 21 pg/tThis is the predicted high-end
TCE metabolized dose, generated in about 1% oflpeapsociated with a 1% response in the rat. Vidlige was
derived by US EPA using the most up-to-date phgsjcklly based pharmacokinetic (PBPK) modeling. U%
EPA’s modeling addressed: 1) human variabilityhi@ tapacity to generate the TCE metabolites likehe
responsible for the developmental effects (thogh Whigh” capacity being more sensitive); 2) dif@ces in how
TCE is metabolized in rats following an ingestiopesure vs. in humans following an inhalation expesand, 3)
statistical uncertainty in the data. This vatiees not account for potential differences in individuadaaross-
speciegesponses to an equivalent dose of metabolized TCE (i.dedkinces in pharmacodynamics). Uncertainty
about pharmacodynamic differences is typically aoted for by applying an uncertainty factor of 3-Beécause
pharmacodynamic uncertainty is not accounted fahér20 pg/mvalue, the potential risk at this level among ehos
most sensitive to TCE could be higher than 1% énlt¥6 of the most sensitive individual exposed. Sigec
individuals who may be particularly sensitive toH €annot be identified.



The value of 20 ug/fis also close to the median and about 7 timesridan the upper
end, indoor TCE air concentration reported in thdiEott, N.Y. epidemiological study
(Forand, 2012). In this study, the risk of devele@mtal heart abnormalities was about 2%
vs. the background rate of about 1%. Although $hisly supports concern over TCE
developmental toxicity, individual indoor air TC&vkls in the homes of affected
individuals during pregnancy could not be asceegiimiting its usefulness in
guantitatively assessing risk. Some other epidergiolstudies have also reported
developmental effects associated with TCE expostiile others have not.

At levels above 20 pgfhihe potential risk is of higher concern and OR®nemends
notification to sensitive subgroups that they cdestaking immediate steps to reduce or
eliminate exposures. Depending on the specifi@adn these steps could include
avoiding areas of the house with higher TCE lewelkemporarily living with family or
friends while measures are taken to reduce indio@oacentrations.

Guidance for Typical Workplace Exposure Situations

Workplace RfC = 8 pug/nt

The workplace RfC of 8 pgfhis the long-term remediation target for situatiormere
workplace indoor air has been impacted by vapousmn and is equivalent to the
residential RfC value adjusted for a typical wodqa exposure pattern of 8 hours a day,
five days a week.

Workplace Imminent Hazard Level = 24 pug/nt

As with the residential value, this value is eqiewna to workplace RfC adjusted upwards
by a factor of three, reflecting the use of a redlgharmacodynamic uncertainty factor.

Indoor air levels in excess of the IH concentratiigger immediate response actions that
are required under the MCP, including 2 hour neaifion to MassDEP; immediate
notification to sensitive subgroups of the potdnisk; and the initiation of response
actions to eliminate the IH condition. At levelsoab 24 pg/m efforts to reduce
exposures to the sensitive subgroups should proagegdickly as possible. Women who
are concerned about potential risks while remeathagifforts are underway may want to
consult with their physician. Depending on the dpesituation there may be ways to
lower exposures, for example by minimizing timergpa areas with higher TCE levels.

Workplace More Urgent Concern Level = 60 pg/m

This value was derived from the residential valfid®p g/ni by adjusting the exposure
duration to 8 hours a day. Because some membdéhg dfealth Effects Advisory
Committee expressed concerns about the potentidefeelopmental effects attributable
to higher levels of exposure in the workplace avéw days, this value was not adjusted
to reflect a 5 day workweek. This provides add#ibprotection against potential peak



exposure risks, which may not be entirely mitigadtgdntermittent cessation of
exposures while employees are away from the wockptan days off (e.g. the weekend).

In typical workplace situations (8 hours a day) veheorkplace concentrations of TCE
attributable to vapor intrusion exceed this vathe, potential risk is of higher concern
and ORS recommends notification to sensitive suljggdhat they consider taking
immediate steps to reduce or eliminate the exposimeexample it may be possible for
sensitive subgroups to avoid areas of the workptlaaehave TCE levels above 60 u/m
or temporarily relocate to another workspace.
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